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INTRODUCTION
The ATP synthases of prokaryotes resemble in structure and function the protontranslocating ATPases of higher organisms ; Downie et al., 1979; Munoz, 1982; Sigler, 1982; Senior & Wise, 1983) . They consist of a hydrophobic membrane-integrated part (F,) and a membrane-associated part (F, ) which exhibits ATPhydrolysing activity (Futai & Kanazawa, 1983; Schneider & Altendorf, 1984) . The protontranslocating BF,.BF, complex has both ATPase and ATP synthase activity, but it will be referred to as the ATPase throughout this paper.
Almost all efforts to establish the precise location and distribution of ATPases in bacteria have been based on subcellular fractionation and subsequent biochemical studies of the isolated components (Salton, 1974 (Salton, , 1976 . Such studies have shown the enzyme to be localized in the cytoplasmic membrane and not present in mesosomes (Salton, 1976) . Electron-microscopic observations of cells using negative-staining techniques have been of little value in elucidating the localization of particular proteins or in determining the specific molecular architecture of the bacterial cell.
Cytochemical methods combined with electron microscopy have been used to study the localization of ATPase in whole cells and in isolated membranes of several bacterial species (Voelz, 1964; Kushnarev et al., 1968; Wetzel et al., 1970; Mikhaleva et al., 1984) . Oppenheim & Salton (1973) established the asymmetric disposition of the enzyme and 'mapped' its sites on the cytoplasmic membrane of Micrococcus lysodeikticus by means of ferritin-labelled antibody. Since no significant labelling occurred when ferritin conjugate was reacted with intact protoplasts or mesosome fractions, they concluded that the ATPase was localized on the inner surface of the cytoplasmic membrane. Our preliminary results showed that ATP-hydrolysing activity was present in mesosomes of Bucillus subtilis (Cherepova et al., 1984) . The present study was undertaken to elucidate the distribution of the ATPase in whole cells, spores and isolated membranes of B. subtilis.
a METHODS
Bacterium. B. subtilis strain 168 was used. Medium andgrowth conditions. All experiments were done in a liquid culture medium containing (g 1-l) : peptone (Difco), 10; yeast extract (Difco), 10; NaCI, 5 ; Na2P04, 0.4; the pH was adjusted to 7.2.
Cultures were incubated for 12 or 24 h at 37 "C with vigorous shaking. Cells were harvested by centrifugation and washed three times in 0.05 M-Tris/HCI buffer, pH 7-5.
Isolation of'membranes. Cells grown for 12 h were subjected to the treatment described by Konings et al.
( 1 973) to obtain membranes.
Cytochemical methods. The pellets obtained zifter centrifugation of cells, spores or isolated cytoplasmic membranes were washed in 0.2 M-Tris/maleate buffer, pH 7.2 (buffer A), centrifuged and fixed in 6.25% (w/v) glutaraldehyde in 0.1 M-cacodylate buffer, pH 7.2, at 4 "C for 2 h. The suspension was centrifuged and washed in buffer A at 4 "C for 20 min. The pellet was resuspended in an incubation mixture containing: ATP disodium salt (Koch Light) 20 ml (0.83 mM final concn); buffer .4, 20 ml; solution of Pb(N03)2 (2%, w/v), 3 ml; 0.1 M-C~CI,, 5 ml; double-distilled water, 2 ml. The solution of Pb(NO& was added slowly drop-wise to the mixture with constant stirring, and the incubation medium was filtered and brought to pH 7.2. In control experiments the incubation mixture either lacked the substrate for the reaction (ATP), or contained a specific inhibitor of ATPase, NJ"'dicyclohexy1carbodiimide (DCCD) (Fluka) at a concentration of M. After incubation of the samples for 30 min at 37 "C, the suspension was centrifuged and washed twice in buffer A and processed for electron microscopy. The cytochemical methods used were based on those of Wachstein & Besen (1963) 
R E S U L T S A N D D I S C U S S I O N
The localization of the ATPase in B. subtilis 168 was studied in thin sections of whole vegetative cells, spores and isolated membranes.
Localization in vegetative cells. Fig. 1 (a-d) shows ultrathin sections of intact cells of B. subtilis 168 grown for 12 h and stained specifically to demonstrate the presence of the ATPase. The product of the reaction (lead phosphate) was seen mainly in the cytoplasmic membrane, the mesosomes and in some cases on the inner layer of the cell wall facing the cytoplasmic membrane as well as in the cross-membranes of dividing cells. The staining due to lead phosphate formation was very dense and in some cases large dark granules were observed on the surface of membrane structures. Control cells incubated without ATP or in the presence of DCCD are shown in Fig. 2 .
Localization in spores. After 24 h cultivation most of the cells were converted into spores. There was considerable accumulation of lead phosphate in the spore coats, making them very electron-dense (Fig. 3a, b) . In the control experiment, in which spores were incubated in the absence of ATP, there was much less accumulation of lead phosphate in the spore coats (Fig. 3c) .
Localization in isolated membranes. The cytochemical reaction was particularly pronounced in isolated membranes of B. subtilis, permitting a more precise differentiation of the types of deposition of the reaction product (Fig. 40-c) . Small, fine dark granules were incorporated in the osmiophilic layers of the membranes, which contributed to the higher contrast and electron density. Large dense granules were also observed on the surface of membrane structures. Similar results were obtained by Goldfischer et al. (1964) with respect to the visualization of ATPase in mi tochondrial membranes.
As pointed out by Voelz (1964) the ATPase reaction in this cytochemical method is specific. Nevertheless, in order to exclude any possibility of non-specific formation of lead phosphate we used two controls, either omitting ATP from the incubation mixture or adding the specific ATPase inhibitor DCCD, which binds to the Fo part of the synthase, blocking H+ conduction and thus inhibiting both the synthesis and the hydrolysis of ATP (Downie et al., 1979;  Localization of ATPase in B. subtilis 67 1 Serrahima-Zieger & Monteil, 1982) . In both controls the dense lead phosphate deposits characteristic of the ATPase cytochemical reaction were not observed (Figs 2,3c , 4 4 . The two different fixation techniques (with or without preliminary fixation of the samples) that were used gave similar results. Variable localization of ATPases in different microbial species was established by Voelz (1964) . In Escherichia coli the enzyme was found mainly in the cytoplasmic membrane and the cell wall, in Bacillus cereus it was observed in the cytoplasmic membrane, the cytoplasm and the nuclear region of the cell, while in Myxococcus xanthus it was seen only in the cytoplasm. The author supposed that these variations could be due to differences in the physiological state (phase of growth) of the micro-organisms. Mikhaleva et al. (1984) demonstrated ATPase in isolated membrane vesicles from E. coli by using a combination of cytochemistry and electron microscopy, and Kubak & Jotis (1 98 1) used negative staining and electron microscopy to prove the presence of ATPase in isolated membranes of Staphylococcus aureus. Kushnarev et al. (1 968) studied the distribution of the enzyme in intact cells of S . aureus and showed that it was localized Localization of ATPase in B. subtilis 673 in the cytoplasmic membrane, the mesosomes and the cross-walls of dividing cells. Studying isolated membranes of another Gram-positive micro-organism, Micrococcus lysodeikticus, Oppenheim & Salton (1973) and Salton (1974 Salton ( , 1976 did not find ATPase in mesosomal fractions. Our results, and those of Kushnarev et al. (1968) , who also used cytochemical methods to demonstrate the ATPase, show that the enzyme is present in both the mesosomes and the cytoplasmic membranes. This is not surprising if we take into account that mesosomes are thought to originate from the cytoplasmic membrane. The ATPase of B. subtilis has been isolated from cytoplasmic membranes, purified and characterized by Serrahima-Zieger & Monteil(l978, 1982) . To our knowledge the present study is the first attempt to elucidate the localization of the enzyme in this micro-organism using a cytochemical method combined with electron microscopy. 
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